. AFM images of a monolayer Ca 2 Nb 3 O 10 (CNOns) nanosheet deposited on (a) glass and (b) Si; (c) Ti 0.87 O 2 nanosheet (TiOns) on glass by the Langmuir-Blodgett (LB) method. Table 1 (The films with 400nm grain diameter correspond to the films with no discernible grains, denoted as infinite grain diameter in Table 1 ).
It is often found that the more dense piezoelectric ceramics and films have larger piezoelectric coefficients. One might therefore expect that with larger grain size the properties are closer to single crystal performance. However we find no correlation between the grain diameter and the effective out-of-plane piezoelectric coefficient ݀ ଷଷ (see Figure S5 ). For the highly oriented thin films discussed in this paper (except for the film grown directly on glass) a high ݀ ଷଷ is found when the film is porous (see Figure 12 ), i.e. when the grains are largely disconnected, decreasing the clamping and allowing for decreasing grain diameter when a field is applied in the out-of-plane direction. On the other hand a high effective in-plane piezoelectric coefficient under an out-of-plane oriented applied field (݀ ଷଵ ) is obtained when the grains are well connected. 'Effective' here means that the change in lateral grain /film dimensions is coupled to the substrate, causing large in plane compressive stress in the substrate surface, which is used to actuate for example a MEMS membrane or cantilever.
Reliability of Piezoelectric PZT Films on Glass using Nanosheets as Seed Layer
Long-term reliability is also one of the most important requirements for the application of piezoelectric films in devices, therefore the dependence of the piezoelectric (not ferroelectric) properties on the number of working cycles of the films has been investigated. Here, bipolar electric field cycling was used which generally causes the most severe degradation in the piezoelectric properties. The fatigue testing was performed by applying a bipolar triangular field with an amplitude of 100 kV cm -1 at a cycle frequency of 100 kHz.
The change of piezoelectric coefficient as a function of the number of cycles is shown in Figure S6 . Figure S6a shows that the d 33f coefficients of the devices remain unchanged up to 10 10 cycles for the films grown on CNOns/glass, irrespective of laser frequency, suggesting that these films have excellent potential for demanding high cycle applications such as MEMS
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actuators. There is some degradation of the d 33f values in PZT films on TiOns/glass and directly on glass after about 10 8 cycles ( Figure S6b ). We ascribe this to the (110)-and random-growth orientations in these films. Also the film on TiOns/glass is expected to show grains on the same nanosheet with different in-plane orientations, since the pseudocube may be tilted over 45° in two in-plane orthogonal directions. This creates grain boundaries of a type that is different from that between (001)-oriented columnar grains. The latter appears to give no cause for early fatigue, as can be concluded from the fatigue results on the CNOns/glass devices ( Figure S6a ), whereas the presence of grain boundaries between differently oriented grains appears to be the main cause of early fatigue, as is suggested by the results in films grown on TiOns/glass and directly on glass ( Figure S6b ). There is a subtle sign of fatigue for the films on nanosheets when compared with the film on STO. This is ascribed to the small fraction of the film consisting of (110)-oriented columnar grains at the edges of the nanosheets and in uncovered substrate areas.
